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)£. (54) Title: METHOD FOR PRODUCING PHOTORESIST MASTER FOR OPTICAL INFORMATION MEDIUM, AND 

£r> METHOD FOR PRODUCING STAMPER FOR OPTICAL INFORMATION MEDIUM 

OS 

(57) Abstract: A method for producing a photoresist master adapted for use in the manufacture of an optical information medium is 
— ^ provided. This method has enabled formation of a fine pattern having a minimum width which is about half of the wavelength used 
^ f or the exposure, and in this method, decrease in the pattern height has been suppressed and tapering of the partem profile has been 

improved. In mis method comprising the steps of applying a photoresist layer on a substrate, exposing the photoresist laxer to a laser . 
Q beam to form a latent image to form a protnision/dcprcssion pattern to thereby produce the photoresist master, and in this method; a 
^ light absorbing layer is formed between the substrate and the photoresist layer and in contact with the photoresist layer exhibits light 
^ absorption at the wavelength of said laser beam. 
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Method for Producing Photoresist Master for Optical 
Information Medium, and Method for Producing Stamper for 
Optical Information Medium 

5 

TECHNICAL FIELD 

This invention relates to a method for producing a stamper 
which is used in producing an optical information medium having 
protrusion/depression pattern such as grooves andprepits, and 
10 also, a method for producing a photoresist master used in such 
stamper. 

. . ' ;• - BACKGROUND ART . •. v ,> 

• ■.jL.r.T.f-^-'V.-. ■;. . t -t :;>.;•-'. ••-/;.«•'• - : - '.' - ; . ; • •• ■:\ , V".:;-'-r v '-'"**" : -V-..- . i"^!^'\?*xrr : .- -• v ,-. i- - 

? - . .■..>•...'.-.->: ■/>►.»' -*•;-> .■ ";+;^' '•• • .'" ? -V- J ; f* ♦? *\.v" ' ! .'• * ''. • • ■' ■••;*. ■ V>-\*.t 

v ^ Optica^ once and .rewr£ta33te v-.vi y. 7 ^ 

is: '^rjecbrding disics-and ffead biily disks. Optica*! yre'cordirigj 'tii30cs; sf- **;' t ".*• ? * : . . ; ;^$ 
,haye a recording layex formed onva -disk Substrate which ;is'» ... v 
■ . ^provided on. it s,, surf ace with (guide); grooves "for tracking arid 
other purposes- On the other hand, the read only disks have 
information-bearing pits integrally formed on the surface of. , 
20 v the disk substrate . . v . V - 

. ' [\ The disk^subSitrate is produced by injefctifcn ^ B^diSSj^^kW;^ 1 - ; ? '■> U . 
'/•f ,^|je4i^ 1 or;- .'bjj^^^nsif barring the pattern using*, a sfcamj?e;r haMLngt*.? : ^ ■ 
V .•.^^iyeWail ve' Ip^^or^^g^ove pattern.' The stScuxipex^ $ 
. ;.v:'^contpri'.ses/. a^f-iim of " a:: metal, -such' as. ••ri±ck&z:f> y :Xn.\ ortez&'£&£' *v 
: &5 '''manufacture. ".such stamper, a photoresist master is first' 
prepared. 

The following process is generally employed for preparing 
the photoresist master. .First, a photoresist layer is applied 
on the surface of a glass substrate. The« photoresist layer 
30 is. then exposed -to patterning beams Such as laser beams to -form ' 
a latent image of the desired pattern, followed by development. . ' ■ 
A protrusion/depression pattern is thereby formed on the 
; photoreisisfeldyer, and the photoresist master 1 is produced. 
... In manufacturing a stamper by using such photoresist 
35 - master, a m>t;^i; thin film, of nickel or the like is forme'd by 
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sputtering, electroless plating or the like to thereby impart 
electric conductivity to the surface of the photoresist layer. 
Electroforming is then effected to deposit a film of nickel 
or the like on the metal thin film. Then the laminate of the 
5 metal thin film and the electroformed film is stripped from 
the photoresist layer. The laminate is ready for use as the 
stamper (master) . This stamper master may be used as the 
stamper directly, although a stamper mother may be prepared 
from the stamper master and used as the stamper. The stamper 
10 mother is prepared by electroforming a film on the surface of 
the stamper master and stripping the electroformed film. It 
is recommended to previously oxidize the surface of the stamper 

master so that the electroformed film may be. readily stripped \ 5k/ ; 

therefrom. Alternatively, a stamper child may be siiM^l^ly ^y * \ 
15 prepared; u^ mother and used ^s/thfe ist^ 

In the process of preparing a photoresist^ master /itfbhe* - „ 
minimum width of the latent image pattern * formed in the 7 - '". 
photoresist layer is limited by the diameter .-.of. a : laser beam * ' 
"spot at the surface of the photoresist layer. The beam spot' 
20 diameter w is represented by w = k-X/NA wherein X is the. 
. ..wavelength of the^ laser; beam, NA is the. numerical apertufcfe rof 
. ah objective lens in an optical system, and ,k is a consrtfantin ,. Q 



25 




theor&tacally exceed the limit set by the spot diairte'ter /.height 1 f 



of the pattern is likely to become reduced due to the thinning 
of the photoresist layer, and sharpness of the pattern is also 
likely to become insufficient due to the tapered pattern 

30 profile. It is believed that one major cause for such 

inconvenience is the. reflection of the laser beam at., the - 
interface between the photoresist layer and the glass 
substrate. To be more specific, it is believed that the 
reflected laser. beam:'returns to the photoresist layer to 

35 induce a multiple exposure state and this results in the 
ambiguous latent . image pattern. In order to prevent such 



■ I. - 
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reflection, Japanese Patent Application Laid-Open No. (JP-A) 
263140/1992 proposes a glass master provided with a non- 
reflective coating which is adapted for use in the manufacture 
of an optical disk stamper. The anti-reflective coatings 
disclosed in JP-A 263140/1992 are a MgF 2 film (mono-layer, 
anti-reflective film) and a multi-layer dielectric film 
(multi-layer, anti-reflective film) . Both of these coatings 
comprise an inorganic material, and the reflection is 
prevented by means of optical interference. 

DISCLOSURE OF THE INVENTION 

Based on the disclosure of the JP-A 263140/1992, the 
inventors of the present invention produced a photoresist .-S-' a ,\ "v,v ."V 



master by using a sub 
15 coating comprising a, film of an inorganic .material, andi a-* ? c ? fife 

' -''stamper': 'wai\.produced?/bV'* usiricr this photoresist master. V i v: iV 5 t; ;;;' t i v ' ; \ >;\ - ^ 



.• • . • 

stamper Was .produced; by using this photoresist master 
However, when the pattern formed was a fine pattern havingp*. -J • .« 

V;i ; ";*■'•. ,a minimum .width which . is about half the wavelength : used in- y.r ;^; ; V - ; -'^3 

the exposure, provision of the non-reflective coating was far 
20 from being effective in suppressing the decrease of ttie . . .. • | 

. ' • - pattern height and improving the pattern sharpness. .. vl u^Cs ^ y4 

" : ' 4 '. > / . " In view of the situation as described above, an object;- ,«u tM& 




in producing an optical information medium, wherein decrease 
in the pattern height has been suppressed and tapering of the 
pattern profile has been improved. 

Such objects are attained by the present invention as 
30 described in (1) to (7), below. 

(1) . A method for: producing a photoresist master for an? 
optical information ihe&ium comprising the^steps of r 
applying a photoresist layer on a substrate, 
exposing the phbtoresist layer to a laser beam to form 
35 a latent image in the- photoresist layer, and i' 
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developing the latent image to form a 
protrusion/depression pattern to thereby produce the 
photoresist master; wherein 

a light absorbing layer is formed between said substrate 
5 and said photoresist layer and in contact with said photoresist 
layer, and said light absorbing layer exhibits light absorption 
at the wavelength of said laser beam. 

(2) The method according to the above (1) wherein said 
light absorbing layer contains an organic compound which 

10 exhibits light absorption at the wavelength of said laser beam. 

(3) The method according to the above (2) wherein the 
organic compound used is at least one member selected from a 

. photoinitiator, a co-initiator, , and. a dyel ;. 

(4) V JThe method according to any one of th$4above (1) to- 
i6y;!c (3j r; wh^ ;.. ; [ : :'.\ ''^.'')/^ * '.. f;H." f-'". "?. 

is satisfied when said laser beam has a wavelength of Tig (unit: . 
nm) , and' said photoresist, layer, has a thickness of ;t R (unit: 
nm ) • 

20 (5) The method according to any one of the above (1) to 

. ( 4) : wherein the relation: I : . :■;*■ '.■•..,*. ' !" 

1 *b * - • , J>^*v ; K. - 

Us^satis^i^ci when said laser beam has a wavelength ro f f fite (.unit*: - 
*\*vm)i, <and J3^d prdtruiaiion/depression patter*! ,f tfrrfed? in • the 
26 f photoreisist layer has a minimum width of s W p * (Aihi£ ; :r hm) V 

(6) A method for producing a stamper for an optical 
information medium by using the photoresist master for an 
optical information medium produced by the method of any one 
of the above (1) to (5) , wherein said method comprises the step 
30 of transcribing said protrusion/depression pattern formed in 
the photoresist layer to a metal film. 

(7$ ; the method according to the above (6) cbmprising the 
steps of 

forming a nickel thin film on said protrusibn/depression 
35 pattern/formed in the photoresist layer by eiectroless plating, 
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forming an electroformed film on said nickel thin film, 

and 

peeling said metal film comprising said nickel thin film 
and said electroformed film to thereby produce the metal film 
6 having the protrusion/depression pattern transcribed thereto. 

It is to be noted that the term * electroformed film" is 
used herein as "a film formed by plating" as often is the case 
in the art, namely, in the case of stamper production. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a photograph taken by an atomic force microscope 
of the fine pattern formed on the substrate of the stamper 
produced by using the present invention.—. : ,. ' 

FIG . 2^1s ^ jph^ 

5 of .the fine p"attern ^formed von the substrate tof tjhie stanpr^t\ 
produced by a 'conventional method. ....... --.^ f \ ;« t >v:;\ ! ' • 



BEST 0 MODE. iTCiR . CARRYING OUT THE INVENTION .". 

In the production of the photoresist master according to 
0 the present invention/ a light absorbing "layer is formed- , . 
between the si^strate^and the photoresist layer -and* in Gotitact,>> ^ 
1 ^ and this ligh4 lafesp*^ 

e>cMfoits li^h^{absoi|)i^n at the wavelength of Ithe Jte!s£.i!J>b$ami$ |-?v. 

25 ' ¥his light absbJtrbing layer preferably contains an 'organic' ' : " 
compound which exhibits light absorbency (hereinafter also 
referred to as a light absorber) . The light absorber is 
preferably at least one compound selected from a photoinitiator, 
a co-initiator, and a dye. The photoinitiator is an organic 

30 compound which is typically used in combination with a light . 
curing resS-n, V.and it; generates a radical by. absorbing* UV or: [ \. ; 
other light^; Ih the c^se of the co-initiator, the co-initiator r 
itself is not actiyatjedby the UV irradiation. However, when . 
the co-initiator is uSed in combination with a photoinitiator, 

35 the'.photoiir-l€iktion $jk more efficiently promoted compared to ' 
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the use of the photoinitiator alone, and the curing proceeds 
more efficiently. In the present invention, use of the 
co-initiator is preferable in view of its higher stability 
compared to the photoinitiator which undergoes decomposition 
5 simultaneously with the generation of the radical- An 
aliphatic or an aromatic amine is typically used for the 
co-initiator. In the present invention, it is preferable to 
use for the co-initiator at least one of 4,4'- 
bis (dimethylamino) benzophenone, 4, 4 r -bis (diethyl- 
10 amine?) benzophenone, ethyl 4-dimethylaminobenzoate, (n- 
butoxy) ethyl 4-dimethylaminobenzoate, isoamyl 4- 
dimethylaminobenzoate, and 2-ethylhexyl 4-dimethylamino- 
benzoate.. Among .thieve, the. most preferred are the . )V; 



benzophenone .compounds-. • K . • , .. ^fp^var ; „. J| 

16 Generally; ,^^|B^4|t9bt absorbing layer containing. tlSe jigpb'*'? HUi s "V - r M-^,A^ 

, absorber is prefe^abi^ .v v-y/t;!^ 

. below ; First , the light' absorber is dissblyed in. a solvent 3.V; ' • . : U't 

, to prodube a * coaling:: 'sbiution. If desired, :the coat i^'^A^O-^'^v^r-r.:' ''Rt/Sk 
solution may also contain a thermally crosslinkable compound '* 
20 in addition to the light absorber. When the coating containing ;. . 




25 suppressed. T^feoaiS^/solution may a&so contairt aii opt^bn^*&* ^ ^ ^ • 

additive such as an adhesion aid which improves adhesion of 
the light absorbing layer to the photoresist layer, or a 
surfactant. It is to be noted that a coupling agent layer may 
also be formed between the substrate and the light absorbing 
30 layer to thereby improve the adhesion between the substrate 
and the light absorbing layer. 

The content 'of thei.iight absorber in the light absorbing. / : ; ' 
layer is preferably in the range of 10 to 70ka.ss%. Sufficient i.;., s • ' • • . 
light absorption will- not be attained when the content is too * ' 
low, while an excessively high content of the light absorber ; !. 
may, result in/.^^ihsiif^icient film strength of the light ' ' 



35 
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absorbing layer due to the relatively reduced content of the 
cured product of the thermally crosslinkable compound. It is 
to be noted that the light absorbing layer may preferably have 
an absorption coefficient (herein used as an extinction 
5 coefficient) k of at least 0.01, and more preferably at least 
0.1 at. the wavelength of the laser beam used. When the 
absorption coefficient is too small, sufficient absorption of 
the laser beam by the light absorbing layer will be difficult. 
The thickness of the light absorbing layer is not 
10 particularly limited as long as the light absorbing layer is 
formed to a thickness that allows sufficient absorption of the 
laser beam used for the exposure of the photoresist layer. When 
: v ; the . thickness of the light absorbing layer,. is. insufficient,/ 1| 
^ ' . ^ . <■ 

titfif- J 16 phbtoresist layer is likely to experience a^mu^tiple /exposurf ^' ^V^-^ - 
and de formation of the latent image. On £h.e v 6£her hand, if tn - f v ^^^ 

. the! light, absorbing, layer were formed to* a /thickness of more *• :.'rVi". 
.thainv3.00^iim,.. ;the layer will not .exhibit sigr^facjaritly improved. : .^.r.;;.' v'i^'Vj^i^j 
light absorfeency for the laser beam and the -maitiBriai used for .■ */ * • ' 

20 the light absorbing layer is likely to be wasted. Furthermore, ~ $ 

when the light absorbing flayer; is ^ deposit etf-to --a; thld;lai'6ss;in.^v'- ; 
- '■ : :) i ek^is3 of . '30$: exc*fessivel^€*A^^ *1±+%M' 



♦ 7.. 



Svinj'i * ^ t^jki^^ : irradiation of fehehl^aser heeto,y arid <±l uwa^iiS^i}© 

^ ! ^%;v^h&s^-s r>su^t- in j.the thermal * delcotopclMt^onv^f it-he >a *n;. \ ir/ #>;*u *t^^:si? 

' 26 photoresist layer rendering t exposure difficult . >In ; v > ' f - ;^ I v t %j 



view of such situation, the light absorbing layer is preferably 
deposited to a thickness of 1 to 300 nm, and more preferably 
to a thickness of 10 to 200 nm. The degree of the thermal 
decomposition of the photoresist layer caused by the heat 
30 accumulation in the light absorbing layer varies with the power 
of the laser beam irradiated, and therefore, the thickness pf 
the light absorbing layer may be increased beyond 300 nm, namely, 
to a thickness of up to 500 nm in the case when the laser beam 
used for the exposure . is of relatively low power. 
36 The present invention is particularly effective when the 

'*'•■*. relation: •*< * ... . • * 
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t R / X E £ 0.6, and in particular, when the relation: 
t R / X E £ 0.3 

is satisfied when the laser beam has a wavelength of X B (unit: 
nra) , and the photoresist layer has a thickness of t R (unit: 
6 nm) . When the relative thickness of the photoresist layer in 
relation to the wavelength X B (i.e. t R / X B ) is too large, the 
effect of the present invention to improve the pattern profile 
will be less significant since the tapering of the pattern 
profile caused by the laser beam reflected from the upper 
10 surface of the substrate is less significant. It is to be noted 
that the relative thickness t R / X E is generally limited by the 
width and the depth of the protrusion/depression pattern formed, 
and it is generally such that: 

• ;; : ••\'>/ : 0 • 03 }: $ '-H^few * • ' ';v-^'"^v ' 

■15 ■ * V^he present invention is particularly Effective when the \: r T! : ;SCj-/ ' v* 



~. , • relation: • ' , •, r 4 ^v.\-;* e ~- . • - 

W p / X E ^ 0.9, and in particular, when the relation: ■ 
■ W p / X E £ 0-5 . . . . . J 

is satisfied when the protrusion/depression pattern formed in 
20 the photoresist layer has a minimum width of W p (unit: nm) . 
V when the relative minimum width in relatioh^to. the wavelength^ rK/V-V' 



■3 



•"■" : -*"'^y'.ji^ e '-..-Wp / ^ E ) is top large, the eff edt^ o£. .the present . ...» i v.L. 1" 

1 W^^ii^- ' 




'substrate is less significant. However, when the relative 
minimum width Wp / X E is too small, formation of high precision 
pattern will not be possible due to the optical limitation. 
Therefore, the relative minimum width is preferably such that: 
30 0.2 £ W p / X E , and more preferably: 

0.3 < W p / X E . 

It should be noted that the protrusion/depression pattern 
formed in the photoresist layer is the pattern provided for 
V * the purpose of forming grooves and prepits in the medium. In 
35 ... the formation of a medium provided with grooves, the minimum 
width is the minimum width value of the depression or the 



WO 02/069336 



9 



PCT/JP02/01720 



protrusion used in forming the groove or the land (the area 
that extends between two adjacent grooves) . 

The wavelength X E of the laser beam used in the present 
invention is not particularly limited. However, use of a 
6 shorter wavelength X E is preferable since use of a shorter wave 
length X E will enable formation of a finer pattern. Use of 
laser having an extremely short wavelength is unpractical and 
development of the photoresist that corresponds to such laser 
is also difficult. In view of such situation, the wavelength 
10 X E is preferably in the range of 200 to 500 nm, and more 
preferably, in the range of 230 to 420 nm. 

The present invention is effective in a process wherein 
the pattern is formed by exposure to laser beam. In other words, * ^ 
this inventiqn is,,usefv»l in a,prpc£ss wh.e-±ein;i^r>ergy..j -;U; v v&.AvS .My^vVr 
15 distribution of the plane irradiated :by the beam during the- y*i : 

exposure is Gaussian -distribution and not, uniform/: \; ? V. n^V/'JA .;.!.;•■? 

In the present invention, the cross section of the • : . \ •/ 

protrusion/depression pattern formed in the photoresist layer * ; k - 
may be rectanguliar, trapezoidal, or triangular. For example, 
20 when a channel pattern corresponding to the grooves of the 

medium is formed, the cross section may be either a: channel;)- . 
. V ; • with U-shaped croiss section or a channel wi-th V-shaped; cross, c 

"./ • : - sectibn. intens-ityfof the lasfefyb 



v25 




U-shaped. On the other hand, a V-shaped channel will be formed 
if the laser beam used has a relatively low intensity not 
reaching the lower surface of the photoresist layer. It is 
also possible that both types of channels are present on one 

30 photoresist master. 

In the present invention, the substrate used in the 
manufacture of the photoresist master may comprise any material, 
for example, a glass, a metal, a semimetal, or the like. 

When a glass substrate is irradiated with UV and the amount 

35 of light reflected from the surface (the surface of the beam 
incidence) and the back surface of the substrate is evaluated, 
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more light is reflected from the surface of the substrate. 
Furthermore, when the light absorbing layer is formed on the 
surface of the beam incident surface of the glass substrate, 
the laser beam that reaches the photoresist layer after 
6 reflecting at the back surface of the glass substrate will be 
the one that had passed the light absorbing layer twice, and 
the beam reaching the photoresist layer will have a 
considerably reduced intensity. Therefore, the present 
invention wherein the light absorbing layer is formed on the 
10 beam incident side of the substrate can more efficiently reduce 
the effect on the photoresist layer of the light reflected from 
the substrate compared to the case wherein the light absorbing 
layer is formed on the back surface of the glass substrate. 

;. . It is tp 4 be noted that the light absorbing layer, may be L- .. . .-ilfj 

^■:-:v;i;: > *: 15 optionally provided on^the: r^ar surf ace of ittj-h^ < ^^s-terat.c5j;f.; , «"3- x*:i«"*< .'^..jc^r*. 
^'j^X'-'J .namely, on the surf ace opposite to the surf acTe/ppr^which .the.ctw . .w^...-^^. k"^4f 

photoresist llayer is formed, in addition to* the ^rpht. surf ace \k '♦' ^.■y/ 4 U> S^'l^B 
of the substrate. . . ' j 

20 EXAMPLE 

Example 1 

Stamper No, 



: 3& 




" used' was SWK T 5D60 manufactured by Tokyo Ouka Kdgyb K.K. 
containing 4, 4' -bis (diethylamino) benzophenone as the light 
absorber. The coating after thermal curing had an absorption 
coefficient for i-line (wavelength, 365 nm) of 0.35, and an 

30 absorption coefficient of 0-31 at the wavelength of 351 nm. 
This coating was baked at 180°C for 5 minutes for curing while 
the residual solvent was removed. The resulting light 
absorbing layer had a thickness of 52 nm. Content of the light 
absorber in the light absorbing layer was 60.8 mass%. 

35 Next, a photoresist (DVR100 manufactured by Nippon Zeon 

K.K.) was spin coated on the light absorbing layer and baked 
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to evaporate the residual solvent to thereby obtain a 
photoresist layer of 24 nm thick. 

The photoresist layer was then exposed to.Kr laser 
(wavelength X E , 351 nm) by using a cutting machine manufactured 
5 by Sony Corp. in order to form a groove pattern at a pitch of 
300 nm and a groove width (minimum width of the 
protrusion/depression pattern, W P ) of 150 nm. The photoresist 
layer was then developed to produce the photoresist master. 
It should be noted that the t R / X E in this case was 24/351/ 
10 namely, 0.068. 

A nickel thin film was then formed on the photoresist 
layer-bearing surface of the photoresist master by electroless 
... ..plating. Another nickel film was electrofprmed on the nickel. 4 : ^> ; ^ j. v % 

tr--., * .y..^/.thi-n-:^ilinv ; The laminate of the nickel thi<n?;tfi^ u?^?a 

: ! 15 ele.ctrof ormed nickel film was strippe'd f rpfac the-photoresisfc^I A il.:. <>«L:v^n 

\ ,.. . layer/, yielding stamper. No. 1. V' : "*' % ? ■ - .-.5 . . ' ^ 

Stamper No. 2 i u » 

.Stamper No. 2 was produced by repeat ing. the. procedure , of .. \ : . 

Stamper No. 1 except that a Ce0 2 film with a thickness of 100 
20 nm formed by sputtering was used for the light absorbing layer, 

and that the photoresist layer was applied; to- the Ce02 film J ; 

: ... ;. .-/j : ... >v. aftjer forming a coupling agent layer. It isCtp BiB l 4lotQia■lthat■^/v.^.f''V^^■:*L■: .U-"?; 

* v '* lm of 100 nm thick functions as ^anva%tl^r"eflectibh • r : * ; ru:* :< 
: v - ::: .v ;; -.' ■»* v -" vi^ye^^ of optical interference at tM^* wavelength asett-t ?•»:%■• .ir:- u .^r^-r 

; 5 ; V\\>6- , fpir ^he exposure . ' " :.: ' fr: r, .y- ■> \ ' 

Evaluation 

The protrusion/depression pattern formed in each stamper 
was evaluated for the height of the protrusions, half width 
of the protrusion height, and tilt angle of the edges of the 
30 protrusions by using an AEM (atomic force microscope) . The 
results are shown in Table 1. 

FIGS. 1 and 2 show the AFM images of the stamper Nos. 1 
and 2, respectively. In these AFM images, the region of darker 
color corresponds to the area of depression while the region 
35 of lighter color corresponds to the protrusion area. 
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Table 1 



Stamper 
No. 


W p 
(nm) 


Wp/X R 


Height 
(nm) 


Half 
width 
(nm) 


Tilt angle 

of right 
edge (deg) 


Tilt angle 

of left 
edge (deg) 


1 


150 


0.427 


22.19 


152 


22.0 


25.4 


2 

(Comp. ) 


150 


0.427 


13.85 


178 


8.4 


7.5 



10 



15 



ram; 



The merits of the present invention is evident from Table 
1. In the stamper produced by applying the present invention, 
the pattern formed exhibited quite sharp cross-section 
although the minimum width W p of the protrusion/depression 
pattern had been smaller than 1/2 of the exposure wavelength 
*f * 
of the 
reduced 

Example 2 h-v 

Stampers were produced by repeating the procedure of 
Stamper Nov 1 of Example 1 except that thev photoresist layer .: ..-V 
was deposited to a thickness of 25 nm, and the minimum width 
of the protrusion/depression pattern (the groove width) W p was . 
s.et„in the exposure, at .the values shown in?.Table 2; Stampers & ■' 



\, E ,- and the protrusion height Was very clos§ ^t orthfe^hicJcn-essi Jk^^i«| JV- v . *- is| 
photoresist layer before the patternlrf^ik^a^resuiLt 6fi&$%£ t\X>%. 
d thinning of theyph'ptdresist l«ayerV"^V- t. T "-* . ' v '• ~ • t t?£ "'Vk; '*VV^ r ^^ 



v 'fbr w comparison purpose 1 'were also producedrrdrn t-a^imi^lar .r 



verft 



, * procedure except that ttiei photoresist mas t.^r^tTsfeta. thadr.rio light *i t#s rAitf -*u t«i-«f|. 

^^^^ a ^^ bin ^ ; layer . ;n C> \ . .. -oir »j .,u - . >?- w*. • 

.v.:^. ... ^ ; ; v The. stampers were" evaluated for their protrusion height '■' r "- ; 

and tilt angle of the edge of the protrusions by using an AFM. 
The results are shown in Table 2. It is to be noted that the 
average tilt angle shown in Table 2 is the average of the left 
and the right edges. 
25 Table 2 



(nm) 


w P A E 


Height (nm) 


Average tilt angle (deg) 


Light absorbing layer 


Light absorbinq layer 


Present 


Absent 


Present 


Absent 


150 


0.427 


23.6 




21.2 




162.5 


0.463 


23.8 


19.9 


21.3 


8.4 


175 


0.500 


24.5 


24.3 


20.1 


9.2 


197.5 


0.563 




24.5 




10.5 
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As evident from Table 2, use of the photoresist master 
provided with the light absorbing layer resulted in the 
markedly increased tilt angle of the protrusions, namely, in 
the remarkably reduced tapering of the pattern profile. It 
5 is also evident that the effect of suppressing the decrease 
in the pattern height is particularly high when the relation: 

W p / X E < 0.5 
is satisfied. 

The experiment as described below was also conducted. 
10 A stamper was produced by repeating the procedure of the 

stamper No. 1 of Example 1 except that the relative thickness 
of the photoresist layer in relation to the wavelength A. E (i.e. 
.£r7 X E ) was 1.3. The pattern- formed on the,;re'sulting stamper*, *J^v*-'*s5 



^ r ^ . was^ sufficiently sharp, flpjw^ver, when 
[ K-.?:.^ 15 substrate was-f ormed by using. this stamper 



:;ank optieaa:-;di'sta U" **rt<a zp.&'.-fk>l?3V&ri' 
ir, jarid.amdptical disk , £y.t:i;icr£. -it.K^;.. 



was produced by forming a recording layer ^on such substrate, 
this optical disk failed to produce the tracking signal (signal 
produced by the grooves) required, for i : ts; use as .an. optical; 



disk. 



20 



MERITS OF THE . INVENTION . ,, . ' - ' ' 



'' : W$$^^ X -'' '-Vv / X In tiie i present invention, a light' absorbing tia : yer: : i?s J J nv^'rttf J-ftn^' u -3 

A ^ \^J^J^^i^^Ln'^otAact with the photoresist ilayefc! in fche a \ with 1 '^rr! 
bis ^M , * ^maiiuf aicturing^of the photoresist mastery and as^consjegjaeiicev p*^i°o£4ai£ii 

^/'O - * ^-26-. >-<je : cllas'e '•in : ''the' pattern-- height* as Well as; tapering -of the^ ^ h ,<; :- = ° " • " 
pattern profile is suppressed even if the minimum width Wp of 
the protrusion/depression pattern were as small as half or less 
of the exposure wavelength X E . 
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1 • A method for producing a photoresist master for an optical 
information medium comprising the steps of 
5 applying a photoresist layer on a substrate, 

exposing the photoresist layer to a laser beam to form 
a latent image in the photoresist layer, and 

developing the latent image to form a 
protrusion/depression pattern to thereby produce the 
10 photoresist master; wherein 

a light absorbing layer is formed between said substrate 
and said photoresist layer and in contact with said photoresist 
: . lay^r, :and said light absorbing layer exfiibiis^Mght .absorption^ 
'^^Crlthe - wavelength of said laser beam . el * it'. -: \. t ■•• -.1, }? of - : 

^•• v ;- ;i1,,/ ;.: ; ' * ' " : '* " • ■ ' •' ; 

' 2 . . The method according to claim 1 wherein said light 
absorbing layer contains an organic compound which exhibits 
I .. light absorption at the wavelength of safdl. laser beariu 

20 3., The method according to claim 2 -wherein the- organic ^ 
\ v comjpoun^ used is at least one member* selected from a : . 
f ;^^hbtoinitiator # a co-initiator, and a dyeVu;y*;o;:r^/, • ' » h Cv 

^^H^l^i^The method according to any one of cl dims 1 to r3 wherein* > 

">>2^ • .^vViv^x-?!'- . 

t R / X E £ 0.6 

is satisfied when said laser beam has a wavelength of X E (unit: 
nm) , and said photoresist layer has a thickness of t R (unit: 
nm) . 

30 

5. The method according to any one of claims 1 to 4 wherein 
the relation: 

W p / X E <> 0.9 

.is satisfied when said laser beam has a wavelength of X E (unit: 
35 nm) , and said protrusion/depression pattern formed in the 
photoresist layer has a minimum width of W P (unit: nm) . 
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6. A method for producing a stamper for an optical 
information medium by using the photoresist master for an 
optical information medium produced by the method of any one 

5 of claims 1 to 5, wherein said method comprises the step of 
transcribing said protrusion/depression pattern formed in the 
photoresist layer to a metal film. 

7. The method according to claim 6 comprising the steps of 
10 forming a nickel thin film on said protrusion/depression 

pattern formed in the photoresist layer by electroless plating, 
forming an electroformed film on said nickel thin film, 

.;, .and ...... ... ....... .±<*''~. ,., ■ , . .. . ■. ...... 

peejling;.said metal^f ilm,.cpmj>risi.ng said .ni^fc^l^.hihif i:lmv 
^^;.i5 and said electrof ormed film to thereby fprodudef't'lie metal >fd r lm/: 
:\ : having the protrusion /depression pattern transcribed thereto*. 
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